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AIRBQRNE LASER IMAGE CAPTURING SYSTEM AND 

METHOD 

Field of the Invention 

The present invention relates to the field of airborne image capturing 
apparatus. More particularly, the present invention relates to a method 
for overcoming hne of sight vibrations in airborne laser image captxning 
systems, and therefore increasing the effective range of the system. 

Background of the Invention 

Attempts to develop an airborne systems for laser image capt\ning, or 
laser viewing, are known, and they generally comprise a laser hght 
source for illuminating a target, and means sensitive in the laser hght 
wave-length, such as a focal plan array, for sensing the hght reflected 
from the target^ (hereinafter, if not specifically otherwise stated, when 
the term "laser viewing system" is used, it should be- noted that it refers 
also to a "laser capturing system", and vice versa). In some, suitable 
conditions, and generally at dark, laser systems enable the obtaining of 
target images at ranges shghtly larger than can be obtained by 
equivalent thermal viewing systems. 

Two main factors affect the operation of long range laser viewing, 
systems: the conditions of the medium and the stability of the hne of 
sight. While in groimd laser viewing systems, the laser beam performs a 
roimd-trip to the target and back in a generally "imfriendly" medium, 
which causes a attenuation of the laser signal due to, for example 
scattering of the ray, and/or air turb\ilence. In an airborne system, 
which operates at high elevations the effects of the medium conditions 
are significantly reduced because the ray passes mostly through a clear 
air, while the effect of the stabihty of the line of sight becomes much 
more dominant. When the line of sight between the laser source within 
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the airborne system and the target is not sufficiently stable, the sensed 
image is smeared. 

The prior art has offered two main solutions for reducing smearing of 
the image due to vibrations of the hne of sight, as follows: 

1. Imaging by one pulse : In this approach, both the laser 
transmitter and the laser focal plane array are directed towards 
the target, and then the whole target is illuminated by means of 
a laser beam made of a single laser pulse in the range of several 
nanoseconds. In order to illuminate the whole target, the laser 
beam (which is originally very narrow • when emitted from the 
laser diode), is optically expanded by means of suitable optics 
before leaving the apparatus (as otherwise the laser beam would 
illuminate only a small portion of the target). The focal plan 
array is adapted to receive an image of the whole target in one 
capturing cycle. The main drawback of this approach is that the 
expansion of the beam, and the need to obtain an image of the 
target in one pulse cycle, which is a part of this approach, 
significantly reduces the amoxmt of photons per imit area that 
hit any portion of the target, and therefore the maximum 
effective range of the system is relatively low. 

2. Imaging bv series of pulses - photon accumulation approach : As 
in the previous prior art approach, in this approach, the laser 
source illuminates a whole scene which includes the target by 
means of a series of laser pulses. The laser beam, after being 
coUimated, is maintained directed towards the target during the 
accumulative time of all the pulses, while the line of sight to the 
target is kept as stable as possible by means of gimbals and a 

"compensation \mit that provides a motion compensation signal to 
the gimbals during the period of the pulse transmission and 
image capturing. The focal plan array is activated during a 
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"window" period in which a reflected pvdse is expected, and 
accumulates the sensed radiation in corresponding pixels, until 
accumulation of enough photons provides a reasonable signal to 
noise ratio. The main drawback of this approach is the need to 
keep a stable line of sight to the target during the transmission 
of all the series of pulses, and to measure and compensate for 
very fast and small vibrations of the line of sight. This is 
generally a very comphcated task, particiilarly in view of the 
movement and vibrations of the aircraft, resulting in a smeared 
and/or corrupted image. 

J. 

It is an object of the present invention to increase the effective range of 
an airborne laser image captiiring system. 

It is another object of the present invention to provide means for 
overcoming the drawback of smeared and low quality images that can 
be obtained at long ranges, due to a non-stabihzed line of sight to the 
target. 

Other objects and advantages of the invention will become apparent as 
the description proceeds. 

Summary of the Invention 

The present invention relates to an airborne laser image capturing 
system which comprises: (a) A laser source and laser focal plan array, 
both being mounted on a same gimbals platform; (b) A pulse generator 
for providing a series of pulses to said laser sotirce during a scanning 
period, thereby activating laser illumination by said laser source 
during each of said pulses, the laser source being characterized in that 
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its illumination beam is so concentrated that each pulse provides 
illumination of only a portion of the expected target; (c) A scanning 
unit for receiving a line of sight direction to a target, and for providing 
to the gimbals a scanning signal for effecting a sequential stepping- 
scanning movement in such a manner as to scan an area in which the 
target is included; (d) A motion compensation unit for providing to said 

* 

gimbals, in addition to said scanning signal a motion compensation 
signal for compensating for the aircraft motion and for the aircraft 

vibrations; (e) A timing imit for: (e.i) Activating, in coordination with 

I" 

the said scanning unit, said pulse generator during the scanning 
period, in order to produce over the target a series of illumination 
spots, each relating to one of said laser pulses, and wherein each of 
said spots overlaps at least a portion of one or more adjacent spots; and 
(e,ii) Activating said laser focal plan airray dxiring the illumination of 
the target by each specific pulse in order to capture many of distinct 
spot-images, each relating to one illumination pxilse; (f) A memory unit 
for receiving from said focal plan array the captured spot-images, and 
for storing them; (g) A correlating imit for correlating images stored in 
said memory by finding similarity between features of overlapping 
portions of neighboring spot-images; and (h) A combining unit 
receiving information from said correlating imit for combining the 
spot-images to form a complete image of the scanned area 
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Preferably, the degree of overlap is determined by the speed of 
scanning movement, and by the rate of the series of pulses generated 
by the pulse generator. 

Preferably, the amoimt of overlapping between spots is inversely 
proportional to the distance from the target. When the target is close 
the amoimt of overlapping can be smaller. 

Preferably, the gimbals receive a dbrection signal to the target from a 
target locating unit, and motion compensation signal from a motion . 
compensation imit. 

Preferably, the size of the . scanning steps is made inversely 
proportional to the range to the target. 

Preferably, the laser divergence is in the range of O.lmrad to 0;3mrad. 

Preferably, the rate of overlap between adjacent spots is in the rsinge 
of 10% - 30%. 

• ■ ■ • 

Brief Description of the Drawings 

Fig. 1 is a block diagram illustrating a laser capturing system 
according to a first prior art embodiment; 
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Fig. 2 is a block diagram iHustrating a laser capturing system 
according to a second prior art embodiment; 

- Fig. 3 is a block diagram illustrating the system of the present 
invention; 

- Fig. 4 illustrates a scanning scheme of a target, according to an 
embodiment of the invention; 

Fig. 5 illustrates a complete image as combined by the image 
combining unit; 

Fig. 6a illustrates the scanning of a short range target according to 
an embodiment of the invention; and 

Fig. 6b illustrates the scanning of a long range target according to 
an* embodiment of the invention. 

Detailed Description of Preferred Embodiments 
An airborne laser image capturing system according to a first prior art 
embodiment is shown in a general, block diagram form in Fig. 1- In 
order to overcome the vibrating, non- stabilized line of sight to the 
target, the piilse generator 11 produces a single pulse for each 
captured image of the whole target. The laser source 12, which is 
positioned on, and maintained directed towards the target by means of 
gimbals 21, produces a beam 20, which is then expanded by means of 
beam expender optics 24. The beam divergence of the Hght ray is in the 
order of about Imrad to 3mrad. The expanded beam 20a "illuminates" 
the target (not shown, for example a tank, vehicle, building, etc.)- At 
the receiving portion, a laser focal plane array 30, is activated by the 
timing unit 15 to sense the reflections from the target, which are then 
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captxired to produce an image 31 of the target. Also shown in Fig. 1 is 

the focusing optics 32, which focuses the target on the focal plane 
array. The fact that the whole target is illuminated at once by said 
single-pulse expanded beam, and that the transmitted laser pulse is 
relatively very short, in the order of about few nanoseconds, enables 
obtaining with the limitations of the existing sensors making the focal 
plan array, a reasonable image in ranges of up to about 10km, 
However, images of targets beyond this range cannot be obtained with 
a rjeasonable signal to noise ratio, due to the need of a significantly 
stronger laser soxirce, which as said above is necessary in order 
illuminate and enable capturing of a whole target in one laser pulse. 
The expansion of the beam, of course, causes a reduction in the 
number of photons per imit area that hit the target, and therefore the 
signal to noise ratio is reduced along with the maximum effective 
range. 

• ■ * ^ ■ 

It should be noted, that the gimbals are maintained directed to the 
target during the target illumination and image capturing by means of 
a motion compensation unit 27, in a manner well known in the art. 

t ' • . 

Fig. 2 shows a laser image capturing system according to a second 
prior art embodiment- In said second embodiment, the pulse generator 
111 produces a series of pulses, that are provided to the laser soxirce 
112. The radiation emitted by the laser source 112, i.e., beam 120, 
passes through expanding optics 124, and the resulting beam 120a is 
transmitted towards the scene where the target is located. The width 
of the ray is in the range of Imrad to 3mrad. As before, both the laser 
source and sensor are located on a same gimbals* platform which 
directs them towards the target. Light reflected from the target passes 
through focusing optics 132, and focused on the laser plan array 130. 
Timer 115 activates a "capturing window" for the focal plan array 130 
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only during the expected time of arrival of each reflected pulse, to 
perform accumulation the reflected Ught. A final image, which is the 
sum of all the images produced as a result of each distinct reflected 
pulse are captured at the final image unit 131. A Gyro 139 measures 
the Line of Sight vibrations, and sends smtable indications to the 
motion compensation unit 135. The motion compensation imit 135 
processes the vibration indications, and provides a continuous 
compensation signal to the gimbals 121 in order to maintain the laser 
source 112 and sensor 130 continuously directed to the target during 
the whole capturing period, i.e., during the whole time in which all the 
reflected pulses impinge on the sensor 130. In this manner, the 
accumulation of the reflected photons relating to the series of the 
reflected laser pulses improves the signal to noise ratio. However, and 
as said above, the compensation for the aircraft motion and vibrations 
during the capturing period (i.e., in this case during receipt of all the 
reflected pulses) is relatively comphcated, and results in a relatively 
smeared image, particularly when far targets are imaged. 

A block diagram of a laser image capturing system according to the 
present invention is shown in Fig. 3. As before, the system comprises a 
pulse generator 211 that provides a series of activation pulses to laser 
source 212. The laser source 212 produces a series of corresponding 
laser pulses that are transmitted as beam 220 towards the target. As 
in the prior art, the laser source 212 and the laser sensor 230 are 
positioned on a same gimbals* platform 221, which in turn maintains a 
proper direction to the target. However, in contrast with the prior art 
systems of Figs. 1 and 2, the system of the present invention does not 
comprise any beam expander optics (such as 24, or 124 of Figs 1 and 2 
respectively). The lacking of said beam expanding optics causes the 
laser beam 220 to be much more concentrated and intense, (i.e., in the 
range of about O.lmrad to 0.3mrad), in comparison with the prior art. 
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and therefore the maximum effective range increases significantl3'. 
However, in view of the concentration of the beam, the size of the 
iUuminatioii^^spot on the target is also reduced significantly. If, for 
example, in the prior art the wide beam hitting a target located at a 
range of 10km resTilts in a spot on the order of 15mXl5m (which is the 
size of a typical target), in the present invention the spot size is in the 
order of about liSOcmXlSOcm . Such a spot size of the present 
invention, whenever captured by the sensor 230, does not enable 
recognition of average targets such as tanks whose size is much larger, 
A solution to this problem is provided by the present invention. 

* • 

According to the present invention, and due to the narrow beam, each 
illTiTTii nation spot and therefore the image that is acquired covers only 
a small portion of an average target (for example a vehicle, a tank, 
etc.). According- to the present invention, in order to receive an image 
of the whole target the gimbals are supphed with a signal that causes 
the beam to scan the whole target (in this apphcation, whenever 
referring to the present invention, whenever the term "spot-image" is 
used, it relates to an image of a portion of a target, i-e, as obtained 
from one spot illimiination. Whenever the term "complete image" or 
"fuU image". is used, it refers to .an image relating to (at least) the fuU 
target, which as will be described hereinafter, is combined from many 
of such smaller spot-images, each relating to a portion of a target). An 
example for a scanning scheme is illustrated in Fig. 4. For example, if 
an image of a target such as a tank is needed, the relevant area of the 

■ - 

tank and a part of its surroimdings is divided into sub-areas that 
define a virtual grid, for example, 49 sub- areas are shown in Fig. 4. 
Thereafter, the gimbals perform a sequential scanning operation, for 
example, from sub-area 1 to 7, then to sub-area 8, 9, 10, ...14, 15, 
16... -49. During the scanning procedure, many of corresponding 
images are captured, one from each sub-area (each representing a 
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different small portion of the target). It should be noted that the 
virtual sub -areas are so designed to have an area which is smaller 
than the expected iUumination spot on the target. In such a manner, 
each received image covers an area which is larger than a single sub- 
area, and which overlaps at least a portion of at least some of the 
neighboring sub-areas. Each of the received images are transferred 
from the laser sensor to a memory storage 240 and saved there for 
later processing. From the memory, the images are provided to a 
correlating unit 241. As said, there are overlapping portions between 
adjacent sub-aireas at the received spot-images. By using the 
correlation between said overlapping portions of the sub-areas, and by 
using known image processing techniques, the combining unit 242 
combines in a mosaic fashion the individual images and forms a 
complete image of the scene which includes the target. An example of a 
combined, complete image, is shown in Fig. 5. The original grid of the 
scene is indicated as numeral 74. The portions, such as portions 75a 
and 75b are portions as produced by the combining unit 242, based on 
the correlation between adjacent spot-images. The combining unit then 
combines the portion to a complete image. 76. 

It has been foimd that overlapping in a range of 10% to 30% between 
neighboring images is required in order to produce a mosaic 
representing a complete image of the target. 

Preferably, in view of the expansion of the laser ray with the increase 
of the range to the target, the size of the scanning steps by the. gimbals 
is also made inversely proportional to the range to the, target. More 
particularly, for a closer target range the size of the scanning steps is 
larger than for a farther target range. 

According to the present invention the duration of each laser pulse 
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(which relates to one spot) is in the range of a few iianoseconds. 

The system, of the present invention is much less sensitive to 
vibrations of the aircraft, for two main reasons: 

a. Each image which is acquired is essentially independent of 
vibrations that may occur, since each image is captured during a 
very short period, preferably in the order of a few nano-seconds 
duration, during which the vibrations of the . aircraft are 
negligible- 

b. In the complete image, the accumulative effect of vibrations, 
that exists in the prior art, is ehminated, as the correlation unit 
241 and the combining unit 242 arrange the mosaic complete 

image according to correlation or siniilarity of features within the 

- 

overlapping portions between adjacent spot-images. As long as 
enough overlapping between images exists, the correlation and 
combining units will be able to produce the full, complete image. 
Each spot-image which is captured is essentially independent of 
■ the others, and the correlation does not involve any accumulative 
effect. 

The system of the present invention can obtain much longer range, for. 
two main reasons: 

* • 

a. The signal to noise ratio is significantly improved due to the lack 
of expansion of the beam, and the resulting increase of the beam 
intensity per target unit area; and 

b. There is no smear in the complete image in view of the 
elimination of the accumulative effects as stated above. This is 
particularly significant when captiiring images in long range, in 
comparison with the prior art, in which a substantial 
degradation of the image exists due to smearing. 
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Figs. 6a and 6b, are examples showing capturing of images of a near 
and far target respectively. Preferably, the amount of overlapping 
between images depends on the range to the target. For example, at a 
closer range, where the intensity of the signal hitting the target is 
high, and so is the resolution, it is possible to obtain a full image by 
means of minimal overlapping of spots 102 over the target (as shown 
in Fig. 6a). At a longer range, where the signal to noise ratio is low, it 
is possible to improve the image quahty by increasing the amount of 
overlap between spots 103, as shown in Fig. 6b. In any case, the 
correlating unit 241, and the combining unit 242, by use of correlation 
and image processing techniques can produce a full image of the 
target. 

Gimbals which are capable of producing both a compensation motion 
and a stepping-scanning motion, as are used by the present invention 
are known in the art, and are described also in International 
Application No. PCT/IL03/00422, the content of which is incorporated 
herein by reference. 

The system of the present invention is much more efficient because 
when selecting proper size of scanning steps (that as said are inversely 
proportional to the range), most of the energy which is radiated hits 
the target. In the systems of the prior art, however, if the laser beam 
has a width of, for example, 2mrad., at distance of 20 Km, only about 
1% of the light hits the target due to the proportional expansion of the 
laser beam with the range. 

While some embodiments of the invention have been described by way 
of illustration, it will be apparent that the invention can be carried into 
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practice with many modifications, variations and adaptations, and 
with the use of numerous equivalents or alternative solutions that are 
within the scope of persons skilled in the art, without departing from 
the spirit of the invention or exceeding the scope of the claims. 
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CLAIMS 

1- An airborne laser image capturing system comprising: 

a. A laser source and laser focal plan array, both being 
moimted on a same gimbals platform; 

b. A pulse generator . for providing a series of pulses to said 
laser source during a scanning period, thereby activating 
laser illumination by said laser source diiring each of said 
pulses, the laser source being characterized in that its 
illumination beam is so concentrated that each pulse 
provides illumination of only a portion of the expected 

■ • ■ 

* target; ■ 

c. A scanning unit for receiving a line of sight direction to a 
target, and for providing to the gimbals a scanning s^ignal 
for effecting a sequential stepping-scanning movement in 
such a manner as to scan an area in which the target is 
included; 

d. A motion compensation imit for providing to said gimbals, 
in addition to said scanning signal a motion compensation 
signal for compensating for the aircraft motion and for the 
aircraft vibrations; 

e. A timing unit for: 

i. Activating, in coordination with the said scanning 
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unit, said pulse generator during the scanning 
period, in order to produce over the target a plurality 
of illumination spots, each relating to one of said 
laser pulses, and wherein each of said spots overlaps 
at least a portion of one or more adjacent spots; and 
ii. Activating said laser focal plan array during the 
illumination of the target by each specific ptdse in 
order to capture many of distinct spot-images, each 
relating to one illumination pxilse; 

f. A memory unit for receiving from said focal plan array the 
captured spot-images, and for storing them; 

g. A correlating unit for correlating images stored in said 
. memory by finding similarity between . feattures of 

overlapping portions of neighboring spot-images; and 

h. A combining imit receiving information from said 
correlating unit for combining the spot-images to form a 

• • ' 

complete image of the scanned area 



» * • 

2. A system according to claim 1 wherein the degree of overlap is 
determined by the speed of scanning movement, and by the rate 
of the series of pulses generated by the pulse generator. 



3. A system according to claim 1 wherein the amount of overlapping 
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between spots is inversely proportional to the distance from the 
target- 

4. System according to claim 1 wherein the gimbals receive a 
direction signal to the target from a target locatiag iinit, and 
motion compensation signal from a motion compensation unit. 

5. System according to claim 1 wherein the size of the scanning 
steps is made inversely proportional to the range to the target, 

6. System according to claim 1 wherein the. width of ray is in the 
range of O.lmrad to 0.4mrad. 

7. System according to claim 1 wherein the rate of overlap between 
adjacent spots is in the rsLiige of 10% - 30%. . 



16357703 t ■ Six Sheets of Drawings 

RAFAfeL-Armament Development Authority Ltd. Sheet No. 1 









q: 


LU 




O 


LLI 


1- 


o 


CO 


< 


_l 




z: 


Z) 


LU 


CO 


CL 






GE 





CO 



1 b^D rm^ ^ix 5>neets ot Drawings 

RAFAEL-Armament Development Authority Ltd. Sheet No. 2 

* 




LU 
O 

a: 
< 



O 



o 

CM 




LU 

f= LJU 










CO 






o . 
a: 




GY 














LU 













to 




RAFAEL-Armament Development Authority Ltd. 



Sheet No. 3 



,15 ... 4.. 



LLi 

cr 
< 

LLI 
X 
H 

o 



LU 



o 

q:: 



I- 

LU 
O 

q: 
< 



CM 



S < o 

^ CO z: 




Six Sheets of Drawings 
Sheet No. 4 



. 16357/03 

RAFAEL-Armament Development Authority Ltd. 




Fig. 4 



1 6357/03 Six Sheets of Drawings 

RAFAEL-Armament Development Authority Ltd. Sheet No. 5 





Fig. 5 
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Fig. 6a 
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Fig.6b 



